INTRODUCTION {#sec1-1}
============

Overweight and obesity have become a public health problem worldwide, both in adults and the pediatric population.\[[@ref1]\] Although body mass index (BMI) is routinely used to evaluate weight status and measure generalized obesity, there is now evidence that indices of abdominal obesity (AO) are better predictors for cardio- metabolic complications.\[[@ref2][@ref3]\] Recently, anthropometric measures that reflect AO, such as waist circumference (WC) and waist-to-height ratio (WHtR), have been, both in adults and in children, related to an increased risk of all-cause mortality.\[[@ref4][@ref5]\] Indices of abdominal obesity (AO) such as waist circumference (WC) and waist-to-height ratio (WHtR) are suggested as being superior to BMI in predicting cardio-metabolic risk and all-cause mortality.\[[@ref2][@ref3][@ref4][@ref5][@ref6]\]

Many pediatric studies clearly show a direct relationship between WC and characteristic disorders of metabolic syndrome (MetS) components such as atherogenic dyslipidemia, insulin resistance, hyperglycemia, and hypertension.\[[@ref6]\] The current pediatric definition of MetS by the International Diabetes Federation (IDF) recommends using WC as a mandatory diagnostic component.\[[@ref7]\]

Although excessive WC or WHtR values have commonly been accepted as measures of central adiposity and precursors of cardio-metabolic disorders, the problem of international reference values, which would be of value in epidemiological comparative examinations of AO prevalence in children and adolescents, still arouses much discussion.

Recently, the criteria for recognizing AO using WC or WHtR at developmental age are subject to particular interest. The identification of children and adolescents in an early phase of AO is important for the effective prevention and control of cardio-metabolic diseases in adult life. For the last 15 years, national WC references have been developed in many European countries.\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23]\] ([Appendix](#App1){ref-type="app"}).

In many countries of Central and Eastern Europe, an increasing prevalence of overweight and obesity and reduced physical activity is being observed as a result of an improved financial situation and so-called westernized lifestyles.\[[@ref24]\] Poland and Germany are two large European countries with different economic statuses, in which the problems of obesity, both among the adult and pediatric populations, are more frequently raised.\[[@ref25][@ref26]\]

However, a uniform consensus on WC and WHtR cut-off points for youths from different populations has not yet been developed. In the light of the recently observed increasing prevalence of central obesity as measured by WC or WHtR, as opposed to general obesity measured by BMI, the problem of proper epidemiological monitoring of central obesity in adolescents would appear to be of great importance.

The aim of this study was to analyze differences in WC and WHtR distributions between Polish and German schoolchildren, as well as to evaluate the effect of different WC and WHtR cut-off points on the prevalence of AO in both study groups.

METHODS {#sec1-2}
=======

Study populations

The analyzed data was obtained from two large cross-sectional surveys of randomly-selected children and adolescents aged 7-18 years. The Polish surveys (*n* = 11,326; 5,558 boys and 5,768 girls) were conducted between the years 2002 and 2007,\[[@ref16]\] while the German surveys (*n* = 8,218; 4,299 boys and 3,919 girls) were conducted between 2003 and 2007.\[[@ref17]\]

The German children and adolescents participated in the Prevention Education Program (PEP) Family Heart Study, which is a prospective community--based study consisting of 15 cross-sectional surveys of CVD risk factors and lifestyle behavior in families in Nuremberg (Germany).\[[@ref17][@ref19]\] The Polish cross-sectional anthropometric data was obtained from schoolchildren and adolescents who attended primary schools, junior high schools, and high schools in four randomly-selected provinces in Poland: Mazowskie, Wielkopolskie, ŁÓdzkie, and Śląskie. The population was selected for research in a stratified manner. First, towns from these regions were randomly chosen; secondly, schools were randomly chosen within those towns. (Primary schools, junior high schools, and high schools) Finally, classes were randomly chosen within those schools.\[[@ref16]\]

For the analysis, we excluded participants with chronic conditions or those who were taking any drugs systematically that might interfere with their growth. In accordance with the principles of the Helsinki Agreement, all parents, as well as their children, were informed about the purpose of the study, and their written consent was obtained in each case. The Polish survey was approved by the Bioethical Committee of the Medical University of Łódź, and the German PEP study was approved by the Ethical Committee of the Medical Faculty of the Ludwig Maximilian University of Munich.

Anthropometric measurements {#sec2-1}
---------------------------

For the purpose of this study, three anthropometric measurements were taken: Waist circumference (WC), body height, and weight.\[[@ref11][@ref21][@ref27]\] The same study protocol concerning basic anthropometric parameters was used in both surveys. The methodology of the study has been described previously.\[[@ref16][@ref17][@ref19]\] The height and weight were measured using standard protocols, without shoes or outerwear. Height was measured to the nearest 0.1 cm on a portable stadiometer and weight to the nearest 0.1 kg. WC was measured in accordance with WHO recommendations: Using a stretch-resistant and flexible anthropometric tape placed horizontally at the midpoint between the edge of the lowest rib and the superior iliac crest, during shallow apnea with the children standing erect with abdomen relaxed.\[[@ref27]\]

The measurements were performed by properly trained and experienced medical personnel in school consultation rooms in the morning. All measurements were performed twice, and mean values of the analyzed parameters were finally registered. On the basis of standard anthropometric measurements, the waist-to-height ratio (WHtR) was calculated by WC divided by height in all examined subjects.

Statistical analysis {#sec2-2}
--------------------

The values of WC and WHtR of the Polish and German children were subjected to detailed comparative analysis. The distributions of WC and WHtR were summarized by Lambda (L) Mu (M) Sigma (S) curves that describe the skewness, median, and coefficient of variance of the distribution at each age.\[[@ref28]\] The LMS method was used for estimating some percentile values of WC and WHtR (the 5^th^, 25^th^, 50^th^, 75^th^, and 95^th^ percentiles), which normalizes asymmetrical data distribution and optimal curve smoothing.

Based on the two-stage criteria for European adults concerning central fat distribution (WC~I~ = 94 cm and 80 cm for males and females, respectively) and central obesity (WC~II~ = 102 cm and 88 cm for males and females, respectively), percentile curves forming the same criteria, which link with adult values at the age of 18 (WC1 and WC2, respectively), were determined for both the Polish and German populations.\[[@ref16][@ref29]\] Firstly, the WC z-scores (zWC1 and zWC2) that correspond to the adult criteria were defined with the following equations:

zWC1= ((WC~I~/M)^L^-- 1)/L • S and zWC2 = ((WC~II~/M)^L^-- 1)/L • S

Where: WC~I~, WC~II~- the adult WC cut-off points for central fat distribution (WC~I~ = 94/80 cm for M/F) and central obesity (WC~II~ = 102/88 cm for M/F);

L, M, S are the gender- and country-specific values of WC distribution parameters (skewness, median, and coefficient of variability, respectively) at 18 years.

Next, the WC cut-off points (WC1 and WC2) at each age were evaluated by regressing the previously defined zWC1 and zWC2 backward into adolescence as follows:

WC1 = M (1 + L · S · zWC1)^1/L^ and WC2 = M (1 + L · S · zWC2)^1/L^

Where: L, M, S are the respective age- and gender-country-specific values of WC distribution (in our case at 14-18 years).

Following this, using similar methodology as that used in determining international BMI IOTF cut-off points, the mean values of the country--specific WC cut-off points (WC1m and WC2m) for boys and girls from both countries aged 14-18 years were evaluated.

According to recent suggestions related to the WHtR index, WHtR \> 0.5 is defined as a measure of central fat distribution.\[[@ref29]\]

The effects of different definitions of the WC cut-off points on the prevalence of AO (WC1, WC1m, and WHtR \> 0.5 as measures of central fat distribution and WC2, WC2m as measures of central obesity) in both study groups were analyzed.

All comparisons regarding differences in WC and WHtR for groups of both Polish and German boys and girls, for each age studied, were made using the Mann-Whitney U-test. The prevalence of central fat distribution and central obesity were estimated, and the proportions were compared using the χ^2^ test. Results were considered significant at *P* \< 0.05. Statistical analysis was performed using the Statistica v. 9.0 package (StatSoft.pl) and LMS Chart Maker Pro v 2.3 (Institute of Child Health, London, GB).\[[@ref30]\]

RESULTS {#sec1-3}
=======

The study population comprised *n* = 11,326 Polish children and adolescents (5,558 boys and 5,768 girls) and *n* = 8,218 German children (4,299 boys and 3,919 girls) aged 7-18 years. The number of subjects in each study group and essential anthropometric parameters (body weight, height, BMI, WC, and WHtR) of the analyzed Polish and German boys and girls are presented in [Table 1](#T1){ref-type="table"}.

###### 

Basic characteristics of PL and GE boys and girls

![](IJPVM-4-786-g001)

WC and WHtR distributions {#sec2-3}
-------------------------

Mean and selected percentile (5^th^, 25^th^, 50^th^, 75^th^, and 95^th^) WC values for Polish and German boys and girls, by sex and age, are presented in [Table 2](#T2){ref-type="table"}. Graphical presentation of the WC-smoothed curves for the 5^th^, 50^th^, and 95^th^ percentiles of WC for boys and girls from two study groups are demonstrated in [Figure 1](#F1){ref-type="fig"}. As expected, both in boys and girls the WC increased with age, and boys prevailed in both the analyzed groups.

###### 

Mean values and selected percentile (5^th^, 25^th^, 50^th^, 75^th^, and 95^th^) WC values for PL and GE boys and girls

![](IJPVM-4-786-g002)

![Smoothed LMS curves for the 5^th^, 50^th^, and 95^th^ percentiles of waist circumference (WC) for Polish (PL) and the German (GE) boys (left) and girls (right)](IJPVM-4-786-g003){#F1}

In general, the WC values in both boys and girls from Germany were significantly higher compared to their peers from Poland, and all analyzed WC percentile curves for Polish boys and girls ran below the adequate curves for German peers. These differences increased with age, and their maximal values were observed at the age of 18 years. The 18-year-old boys and girls from GE had higher WC values at the level of 50^th^ and 95^th^ percentiles compared to their Polish peers (Δ WC = 3.4 cm and 8.1 cm for boys and Δ WC = 4.2 cm and 12 cm for girls) \[[Figure 1](#F1){ref-type="fig"}\].

Mean and selected percentile (5^th^, 25^th^, 50^th^, 75^th^, and 95^th^) WHtR values for Polish and German boys and girls by sex and age are given in [Table 3](#T3){ref-type="table"}, and selected WHtR percentile (5^th^, 50^th^, and 95^th^) curves are presented in [Figure 2](#F2){ref-type="fig"}. Similar to WC, the WHtR values both for boys and girls from Germany were generally higher compared to their peers from Poland. Maximal differences In WHtR values were observed in 18-year-old women (0.024 and 0.062, for 50^th^ and 95^th^ percentile, respectively); these differences increased with age \[[Figure 2](#F2){ref-type="fig"}\]. At the same time, the 95^th^ level of the WHtR percentile, both in boys and girls from Poland and German, exceeded the WHtR = 0.5 value in all analyzed age groups \[[Table 3](#T3){ref-type="table"}\].

###### 

Mean and selected percentile (5^th^, 25^th^, 50^th^, 75^th^, and 95^th^) WHtR values for PL and GE boys and girls

![](IJPVM-4-786-g004)

![Smoothed LMS curves for the 5^th^, 50^th^, and 95^th^ percentiles of waist-to-height ratio (WHtR) for Polish (PL) and the German (GE) boys (left) and girls (right)](IJPVM-4-786-g005){#F2}

WC Cut-Off values linked with adults criteria {#sec2-4}
---------------------------------------------

[Table 4](#T4){ref-type="table"} shows absolute values of different WC cut-off points by gender and age for central fat distribution (P90, WC1, WC1m) and central obesity (WC2, WC2m) for adolescents aged 14-18 years from both countries studied. Percentile levels of WC cut-off points for central fat distribution (WC1) were higher in the case of Polish boys (P96.5), while in the case of Polish girls, they were similar to P90 (P91): The frequently used level defining the central fat distribution. Analogous WC percentile levels corresponding to WC1 for German boys and girls were lower than P90 (P89.1 for boys and P70.2 for girls). A graph showing the linkage between WC thresholds and the adult criteria of central fat distribution and central obesity is given in [Figure 3](#F3){ref-type="fig"}. It should be mentioned that WC values corresponding to P90 in all German girls aged 14-18 y exceeded the threshold value of 80 cm, which defines central fat distribution for European women, while in boys, WC \> 94 cm was observed only in the group of 18-year-olds (P90 WC = 94.5 cm) \[[Table 4](#T4){ref-type="table"}\].

###### 

Absolute values of WC cut-off points for 14-18 y old PL and GE boys and girls for central fat distribution and central obesity

![](IJPVM-4-786-g006)

![The WC cut-off percentile curves for the Polish (PL) and the German (GE) boys (left) and girls (right) that are linked at age 18 years with the adults criteria. (Dashed curves - represents average values)](IJPVM-4-786-g007){#F3}

Prevalence of central fat distribution and central obesity {#sec2-5}
----------------------------------------------------------

The prevalence of central fat distribution and central obesity was found to be significantly higher in German boys and girls as compared with Polish peers. This prevalence in adolescents from Poland and Germany aged 14-18 years, based on different definitions (P90, WC1/WC2, WC1m/WC2m, WHtR \> 0.5), by age and sex are presented in [Figure 4](#F4){ref-type="fig"}.

![Prevalence of AO for Polish (PL) and German (GE) adolescents aged 14-18 y using different criteria. WC1, WC2 -WC values linked with adults criteria at 18 y old, WC1m, WC2m ean values of WC for Polish and German adolescents linked with adults criteria at 18 y old, WHtR ≥ 0.5 aist to height ratio over 0.5](IJPVM-4-786-g008){#F4}

When WC1m is used as a WC cut-off point, the mean (95% CI) prevalence of central fat distribution in the Polish adolescent groups (14-18 y) was lower (*P* \< 0.05) as compared to peers from Germany (boys: 4.4% (3.6-5.2) vs. 8.9% (7.3-10.5); girls: 10.7% (9.0-12.3) vs. 26.4% (23.2-29.6)), whereas using WHtR \> 0.5 as the criterion of central fat distribution, the results were similar only for boys - 6.7% (5.9 -7.5) vs. 8.5% (8.1-8.9), but for Polish and German girls, they were significantly (*P* \< 0.05) lower: 5.3% (5.0-5.6) vs. 12.7% (9.7-16.4).

However, when WC2m is used as a criterion, the prevalence of central obesity in the Polish vs. German groups was thus: (boys - 1.1% (0.8-1.4) vs. 3.1% (2.2-4.0), *P* \< 0.05; girls - 3.1% (2.5-3.7) vs. 10.2% (8.4-12.0), *P* \< 0.05) \[[Figure 4](#F4){ref-type="fig"}\].

DISCUSSION {#sec1-4}
==========

The results of this study show that German children and adolescents are characterized by significantly higher WC values in comparison with their peers from Poland.

Waist circumference and waist-to-height ratio were generally higher in all German children as compared to their peers from Poland. In terms of increased WHtR, Polish and German girls had significantly lower values compared with boys from both countries. The higher prevalence of central obesity in German youths indicates that national growth charts should be developed. Furthermore, risk scores of CVD in Polish and German youths might be helpful investigating causes of these anthropometric differences by analyzing lifestyle behavior.

A novel approach taken by this paper is that it demonstrates the first use of the same, averaged WC cut-off points for both countries. This approach was chosen as a proposal to initiate a discussion regarding the use of international WC cut-off points as epidemiological measures of AO. The average prevalence of central fat distribution with average WC values for boys and girls from both countries (PL vs. GE) was respectively: 4.4% vs. 8.9% for boys and 10.7% vs. 26.4% for girls, whereas the average prevalence of central fat was respectively: 1.1% vs. 3.1% for boys and 3.1% vs. 10.2% for girls. All differences were statistically significant (*P* \< 0.05) \[[Figure 4](#F4){ref-type="fig"}\].

When using WHtR \> 0.5 as a criterion of central fat distribution, the results were similar for boys: 6.7% vs. 8.5%. However, they were significantly (*P* \< 0.05) lower for Polish and German girls: 5.3% vs. 12.7%.

The criteria for AO diagnosis in children and adolescents are still not clearly defined. Currently, WC and WHtR are most frequently used as indirect screening markers for AO in adults and for children and have been applied in epidemiological studies along with the body mass index (BMI).

Different approaches have been used to evaluate WC cut-off values for children and adolescents, including extrapolations from adult cut-offs, ROC analysis or specific arbitrary percentiles. In practice, the individual AO diagnosis in children and adolescents is usually performed based on representative national reference systems with the WC 90^th^ percentile as the cutoff point. Jelliffe et Janssen\[[@ref31]\] suggested percentile levels corresponding at age 18 with the adult criteria as cut-off points for all MetS risk factors. This approach eliminates the arbitrary choice of cut-off points and ensures their continuity with the stable, legitimate criteria associated with adults.

Compared with general fatness, AO much more strongly correlated with an increased risk of cardio-metabolic complications on what already has pointed out by Vague in 1947 y.\[[@ref32]\] Since then, many studies have confirmed the adverse role of central obesity and the usual accompanying insulin resistance in the pathogenesis of cardio-metabolic disturbances, which led the creation in 1988 by Raven\[[@ref33]\] concept of X syndrome (metabolic syndrome: MetS).

A precise measurement of the visceral adipose tissue demands the use of complicated and expensive imaging techniques such as dual-energy X-ray absorptiometry (DEXA), computer tomography, or magnetic resonance.\[[@ref34]\]

In 1995, Lean *et al*.\[[@ref35]\] proposed that the WC alone could be used as a measure for indicating need for weight management and to define suitable values for risk groups. They suggested Action Level One (WC~I~) for a WC ≤ 94 cm for men and ≤80 cm for women and Action Level Two (WC~II~) for a WC of ≤ 102 cm for men and ≤ 88 cm for women. American experts (NCEP-ATP III -- Third Report of the National Program of Cholesterol Education) defined WC cut-off values as 102 cm for male adults and 88 cm for female adults.\[[@ref36]\] The cut-off values for adult men and women that have been proposed by the International Diabetes Federation are significantly lower, i.e., 94 cm and 80 cm, respectively.\[[@ref37]\]

It should be emphasized that in studying WC, the results are strongly influenced by the methodology used for taking measurements. Hence, there is a strong need for an international consensus in this regard to allow comparisons to be made between studies.\[[@ref38]\] To this end, reference systems developed recently in many European countries often differentiate WC measurement site, although it must be emphasized that the most commonly used reference point, and the one used in this study, is that proposed by the WHO, i.e., for WC to be measured midway between the edge of the lowest rib and the superior iliac crest ([Appendix](#App1){ref-type="app"}).

According to McCarthy and Ashwell,\[[@ref39]\] WHtR values during the past 20 years have increased greatly in British children, showing a radical rise in the number of children with central obesity. A similar tendency is noted by Li *et al*.\[[@ref40]\] regarding mean WC and WHtR among US subjects aged 18 to 19. In Poland, the trend towards increasing prevalence of AO in children and adolescents are not as intensive as in other European countries, but it requires future monitoring.\[[@ref41]\] While this study gives a clear picture of the relationship between AO in German and Polish children, further research is needed to incorporate studies from a range of countries, with the aim of building a more complete international AO criterion for pediatric subjects. Furthermore, risk scores of CVD in Polish and German youths might be helpful investigating causes of these anthropometric differences by analyzing lifestyle behavior.\[[@ref42]\]

CONCLUSIONS {#sec1-5}
===========

The results indicate the significant predominance of the German boys and girls, especially adolescents, in terms of central obesity measured by both WC and WHtR in comparison to their peers from Poland. The prevalence of AO is significantly associated with the used criteria. Using the analyzed criteria of central fat distribution for adolescents (WC1 and WHtR \> 0.5), the AO prevalence was comparable only in the case of boys. The results demonstrate also the need for development of the international WC references for the pediatric subjects.
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